EB Carter, S Martin, LA Temming, GA Colditz, GA Macones and MG Tuuli OBJECTIVE: The objective of this study is to estimate the accuracy of early oral glucose tolerance testing (GTT), to predict impaired glucose tolerance. STUDY DESIGN: This was a prospective cohort study. Women received an early 75 g 2 h GTT between postpartum days 2-4 and again 6-12 weeks postpartum. The ability of the early GTT to accurately detect impaired glucose tolerance and diabetes was assessed by calculating sensitivity, specificity, positive predictive value (PPV) and negative predictive values (NPVs). The routine 6-12-week postpartum GTT was considered the gold standard. RESULTS: The early GTT was completed by 100% of subjects, whereas only 31 of 58 (53%) women returned to complete the 6-12-week postpartum GTT. The early GTT had modest sensitivity for impaired glucose tolerance (62.5%) and overt diabetes (50%). However, it had excellent specificity (100%), PPV (100%) and NPV (96.7%) for diabetes. The NPV for impaired glucose tolerance with the early GTT was 80%. CONCLUSION: Rates of 6-12 week postpartum GTT completion among patients with gestational diabetes is poor. Appropriate postpartum management may improve by using the early GTT as a screening test.
INTRODUCTION
Gestational diabetes (GDM) complicates 3-5% of pregnancies in the United States and rates continue to increase. 1 Women with GDM are at significant risk for developing type 2 diabetes, hypertension and cardiovascular disease. 2, 3 Although carbohydrate intolerance associated with pregnancy improves in most women with GDM following delivery, up to 30% will have impaired glucose tolerance at the time of postpartum screening. 4 The American Congress of Obstetricians and Gynecologists, American Diabetes Association and several professional organizations recommend screening women with GDM 6-12 weeks after delivery, to roughly coincide with the timing of the first postpartum visit. [5] [6] [7] [8] [9] [10] Unfortunately, o 50% of women with GDM receive glucose screening postpartum. 11 Even among women who present to the routine postpartum visit, health care providers do not always offer postpartum glucose testing to their patients with GDM. 12 Strategies to reverse this trend have included reminder systems, which have shown limited effectiveness and improved postpartum screening rates from~14% to 28%. 13 Women who complete postpartum glucose screening are more likely to be older, nulliparous, have higher income or education, receive prenatal care, be treated with insulin during pregnancy or complete a 6 week postpartum visit. 14 Yet, none of these are easily modifiable factors to improve screening rates.
The choice of 6-12 weeks for postpartum screening is a somewhat arbitrary endpoint and insulin resistance may normalize much earlier following delivery. This is because levels of the placental factors (human placental lactogen, progesterone, prolactin, cortisol and tumor necrosis factor) responsible for the insulin resistance in pregnancy quickly decline after delivery. 15 Therefore, one strategy to improve postpartum screening rates after GDM would be to test women following delivery and prior to hospital discharge. The purpose of this study was to investigate whether an early glucose tolerance test (GTT), following delivery and before hospital discharge, accurately diagnoses impaired glucose tolerance and diabetes using the routine, 6-12-week postpartum GTT as the gold standard.
MATERIALS AND METHODS
This was a prospective cohort study including women with GDM at our institution from May 2014 to June 2016. Institutional review board approval was obtained from Washington University School of Medicine. Patients were eligible if they were diagnosed with GDM by early or routine two-step screening and were o72 h postpartum. Women with pre-diabetes or a history of gastric bypass surgery were excluded.
Trained obstetrics research assistants approached women with GDM on the postpartum service and consented patients who were willing to participate. Consenting subjects underwent a 2 h 75 g oral GTT during their hospitalization for delivery and repeated this test at 6-12 week postpartum as part of their routine medical care with their obstetric provider. Women were reminded to return for further testing at 6-12 weeks postpartum, before leaving the hospital, and received up to 3 reminder phone calls between 4 and 8 weeks postpartum at 2-week intervals. Postpartum reminders to obtain a GTT after hospital discharge are not part of the standard of care at our institution. Medical records were requested from the primary obstetrician or laboratory following completion of the 6-12 week postpartum GTT. Information on maternal demographics, medical history, antepartum course, and labor and delivery records were extracted from the medical record. The primary outcome was the ability of the early GTT to diagnose diabetes mellitus using the 6-12 week routine postpartum GTT as the gold standard.
GDM was defined by laboratory criteria with ⩾ 2 abnormal values on 100 g antenatal GTT using National Diabetes Data Group criteria after exceeding a screening threshold of 140 mg/dl on screening glucose challenge test with a 50 g glucose load. Women with a value ⩾ 200 mg/dl on glucose challenge test were also considered GDM, even without an antepartum glucose challenge test. On postpartum GTT, impaired glucose tolerance was defined as having a fasting blood glucose of 110-125 mg/dl or 2 h value of 140-199 mg/dl on 75 g postpartum GTT or diabetes mellitus. Diabetes mellitus was defined on postpartum GTT as a fasting value 4125 mg/dl or 2 h value ⩾ 200 mg/dl. The a priori sample size calculation was based on a 15% prevalence of a positive test for diabetes, based on unpublished institutional data, with sensitivity and specificity of 90% and 10% precision. This estimate required 50 patients and the goal for recruitment was 58 patients due to an estimated 18% loss-to-follow-up. A lower loss-to-follow-up than seen in other studies was chosen, because prior studies in the same setting showed high postpartum follow-up rates. 16 Data analysis was performed with descriptive and bivariate statistics with the unpaired Student t-test or Mann-Whitney U-test for continuous variables and χ 2 -or Fisher's exact test for categorical variables. Normality of distribution was tested with the Kolmogorov-Smirnov test. Sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) were calculated for impaired glucose tolerance and diabetes mellitus. Sensitivity represents the percentage of women who are correctly diagnosed with pre-diabetes or diabetes on the early GTT, among those with the condition, whereas specificity is the percentage of women who are not diagnosed as having either condition, among those who did not have the condition. The PPV is the proportion of women with pre-diabetes or diabetes accurately diagnosed, according to the routine GTT, whereas NPV is the proportion of negative early GTTs, according to the routine GTT. Analysis was performed with STATA software (version 11, College Station, TX, USA).
RESULTS
The early GTT was completed by 100% of subjects, whereas 31 of 58 (53%) women returned to complete the routine GTT at 6-12 week postpartum. Subjects completing both tests were more likely to undergo cesarean delivery (80% vs 56%; P = 0.047), attend their postpartum visit (100% vs 44%; P o 0.001) and breastfeed at 6-12 weeks (53% vs 8%; P = 0.001) ( Table 1) . Women with impaired glucose tolerance on the early GTT were less likely to have public insurance with Medicare or Medicaid (48% vs 84%; P = 0.004) and more likely to have a cesarean delivery (85% vs 53%; P = 0.010) ( Table 2) , but these differences were no longer present on the routine GTT. The only risk factor for a positive test result on routine GTT was tobacco use. Both smokers who returned for the test 6-12 weeks postpartum had impaired glucose tolerance. All women with a vaginal delivery had the early GTT on postpartum days 1 or 2, whereas the majority of women with cesarean deliveries had the early GTT on post-operative days 2 or 3 ( Table 3 ). The early GTT had modest test characteristics for impaired glucose tolerance (Table 4 ) with a sensitivity of 63%, PPV of 31% and area under the curve of 0.57. The routine 6-12 week GTT had modest sensitivity for diabetes (50%). However, early GTT had excellent specificity (100%), PPV (100%) and NPV (96.7%) for diabetes and an area under the curve of 0.75 (Table 5) .
Of 58 patients completing the early GTT, 27 (47%) had impaired glucose tolerance (pre-diabetes or diabetes) and 3 (5%) had diabetes mellitus. Only one of the three patients with diabetes on the early GTT returned for the routine GTT and diabetes was confirmed at that time. Of 31 patients completing both the early and routine test, 8 (26%) had impaired glucose tolerance and 2 (7%) had diabetes mellitus on the routine GTT. Among the two patients diagnosed with diabetes 6-12 weeks postpartum (Table 5) , one had impaired glucose tolerance and the other had diabetes on the early GTT (Table 4 ). No patients with normal testing on the early GTT had diabetes on the routine GTT. However, three patients with normal early GTT's had impaired glucose tolerance on the routine GTT.
DISCUSSION
Our findings suggest an early postpartum GTT may be a reasonable initial postpartum screening test for patients with GDM for diabetes mellitus, especially as nearly 50% of the patients in our study failed to return for the routine GTT 6-12 weeks postpartum even with aggressive follow-up strategies.
Our results are consistent with those of Werner et al. 17 who had a similarly low rate of return for the routine 6-week postpartum GTT of 46%. Test characteristics were similar with regard to diagnosis of diabetes mellitus with a NPV 486% for the early GTT in their study. Use of an early GTT in our study population would have identified all patients with diabetes and missed three patients with a normal GTT, who would have gone on to have impaired GTT on routine GTT. We posit that informing patients of their abnormal result from the early GTT may increase follow-up rates for the highest risk subgroup.
A notable strength of our study is the rigorous methodology with minimal missing data. However, our findings should be considered in the context of the following limitations. First, our power calculation was based on an estimated 18% loss to followup based on other postpartum follow-up studies in our patient population. However, our loss to follow-up was actually 47%. Although underscoring the potential importance of the early GTT, this suggests that it may be possible to obtain even greater precision with a larger sample size. We recruited patients on the postpartum floor, who delivered at our institution, but not all of them returned to our institution for their postpartum care. Although we obtained records for patients receiving postpartum care at other institutions, it means the routine GTT results were obtained from four different laboratories, which may introduce some heterogeneity. Lastly, our institution is a large tertiary referral center serving predominantly Caucasian and African American patients with a high acuity level; thus, our results may not be generalizable to all clinical settings.
Future research should employ a large, multi-center study to estimate more precise and generalizable early GTT test characteristics, use receiver-operating characteristics to identify the threshold of early screening timing to predict abnormal routine GTT results and build a predictive model incorporating patient characteristics.
In conclusion, rates of 6-12-week postpartum GTT completion among patients with GDM is unacceptably low. Further studies are needed to determine whether appropriate postpartum assessment may be improved by using the early GTT as a screening test that triages women with normal results to routine care and heightens awareness in women with abnormal results regarding the need for follow-up testing and care. This strategy may provide the best hope of both capturing this high-risk population before they are lost to follow-up and improving their long-term health status. Abbreviations: GTT, glucose tolerance testing; NPV, negative predictive value; PPV, positive predictive value; ROC, receiver-operating characteristic. ROC area = 0.57. Abbreviations: GTT, glucose tolerance testing; NPV, negative predictive value; PPV, positive predictive value; ROC, receiver-operating characteristic. ROC area = 0.75.
